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TECHNICAL NOTE D-71 
~~ 

AN APPROXIMATE METHOD FOR CALCULATING SURFACE 

PRESSURES ON CURVED PROFILE BLUNT PLATES 

I N  HYPERSONIC FLOW 

By Marcus 0. Creager 

SUMMARY 

The e f f ec t s  of p ro f i l e  curvature on the flow over blunt p la tes  w a s  

which u t i l i z e d  a combination of viscous and inviscid hypersonic parameters. 
The method w a s  assessed by comparison t o  experiment conducted i n  a i r  and 

Reynolds numbers from 6,600 t o  l29,OOO f o r  e l l i p t i c  and c i r cu la r  leading 
edges. 

m investigated. A method of calculating surface pressures w a s  developed 

I heliun over a range of Mach numbers from 4 t o  13.3 and leading-edge 

The favorable comparison between theory and experiment indicates t h a t  
the prediction scheme developed herein may be used t o  estimate the complete 
pressure d is t r ibu t ion  over blunt p la tes ,  including regions close t o  the 
stagnation point. 

INTRODUCTION 

Various theories have been a p p l i e d t o  calculate the chordwise pressure 
d is t r ibu t ion  f o r  a complete wing i n  the  hypersonic flow regime. 
Newtonian impact theory has been used (ref.  1) i n  the stagnation region 
where the surface inc l ina t ion  t o  the free stream i s  large.  This method 
has a l so  been matched with Prandtl-Meyer expansion theory near the sonic 
point i n  attempts t o  predict  pressure a f t  of the sonic point, where the 
loca l  surface inc l ina t ion  approaches zero. However, these methods are 
useful f o r  calculation of pressures only i n  the immediate v i c in i ty  of 
the blunt leading edge of a hypersonic wing f o r  s m a l l  angle of attack. 
Linear methods based on viscous boundary-layer and inviscid blast-wave 
theory were shown i n  references 2, 3, and 4 t o  predict  the high pressures 

f o r  s m a l l  angles of a t tack.  The reference pressure f o r  these methods 
was calculated from oblique shock-wave theory, t h a t  i s ,  wedge theory. 
Extension of these l i nea r  methods t o  locations on p ro f i l e s  where large 
surface incl inat ion i s  encountered i s  not  feas ib le  within the framework 
of the oblique shock-wave theory. 

Modified 

-i observed i n  the region a f t  of the leading edge along a blunt f l a t  p l a t e  
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The present study was conducted t o  obtain a useful method of pre- 
dieting the surface pressures over a blunt curved-profile wing. The - 
resul ts  of the present t e s t s  of f l a t  plates  with e l l i p t i c  leading edges 
and the resu l t s  from similar t e s t s  performed elsewhere ( r e f s .  1, 2, 3, 
5 ,  and 6) are  used t o  assess the prediction scheme. The present t e s t s  
were conducted i n  the Ames 8-inch low density wind tunnel. 

SYMBOLS 

sound speed 

semimajor and semiminor axis of e l l i p se  (sketch ( a ) )  

A constant defined as 

fac tor  defined as p;z5 - - f: + 

fac tor  defined as [y 2 + 0.166(7-1) 1 7 

empirical constant (see eq. (6 ) )  

pressure drag coefficient based on p la te  thickness and uni t  width 

constant i n  l i nea r  viscosi ty  re la t ion,  
VW TW 
T = c w I I  

constant equal t o  0.112 f o r  air  and 0.169 f o r  helium 

pla te  thickness or leading-edge thickness 

pressure drag i n  free-stream direction 

plane blast-wave parameter, -&= 
fac tor  defined i n  equation (8) 

fac tor  defined i n  equation (1) 

loca l  Mach number a t  the boundary-layer edge 



M, free-stream Mach number 

* P surface pressure 

pressure calculated by equation ( 5 )  

pressure calculated by equation (6) 

t o t a l  inviscid pressure calculated from inviscid theories 

pa 

pP 

(see eq. (3) )  

undisturbed free-stream pressure Pm 

R shock-wave coordinate (sketch ( a ) )  

Regs Reynolds number, - p8'6s 
b8 

~oo'oos Rems Reynolds number, - 

S surface distance from stagnation point (sketch ( a ) )  

wall o r  p la te  temperature 

loca l  s t a t i c  temperature a t  boundary-layer edge 

free-stream s t a t i c  temperature 

TW 

T6 

Tm 

U ve l o  c i t y  

X chordwise distance from leading edge (sketch ( a ) )  

U 

a 

l oca l  surface incl inat ion t o  free-stream direction, deg 

angle of attack of reference plane (sketch (a) ) , deg 
- 

I Y r a t i o  of specif ic  heats 

a detachment distance of bow shock wave (sketch ( a ) )  

P viscosity 
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P density 

- %O3 Gl x, hypersonic interact ion parameter, 
JKS 

METHOD OF CALCULATION 

Flow Model 

The theoret ical  flow model used t o  describe the e f fec t  of prof i le  
curvature on the hypersonic flow over a blunt p la te  i s  shown i n  sketch (a). 

7 

Sketch ( a )  
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The bow shock wave i s  assumed t o  be detached. The flow f i e l d  i s  assumed 
t o  be comprised of a viscous boundary layer near the surface of the body 
and an inviscid region between the boundary layer  and the bow wave. 

The displacement e f fec t  of the boundary layer i s  assumed t o  be a 
perturbing influence on the inviscid flow f i e ld .  Hammitt has shown i n  
reference 7 tha t  t h i s  assumption i s  just i f ied,  provided the inviscid 
pressure can be assessed. This perturbation may be expressed as follows, 

where 

The subscript 6 
If one introduces the inviscid pressure r a t io  
may be written as 

refers  t o  loca l  conditions a t  the boundary-layer edge. 
paa/pW, then equation (1) 

From previous resu l t s  ( refs .  2, 3, 4, and 7) it i s  believed reasonable 
t o  assume tha t  the inviscid pressure may be expressed by a sum of two 
terms, one from shock-wave shape (blast-wave analogy) and one from 
surface inclination. Thus, the assumption i s  made tha t  

If equation (3)  i s  combined with equation (2)  the following equation' 
is obtained 

'-The l inear  method of reference 4 i s  essent ia l ly  a l inear izat ion of 
equation (4), wherein the product of the viscous factor  KsAbw%, 
the shock-wave shape term i s  neglected and conditions a t  the 
boundary-layer edge are calculated from inviscid sharp-wedge theory. 

and 
F /pw P 
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This formulation wi l l  be used as the basis  fo r  the development of a method 
of calculation fo r  surface pressures wherein the range of surface i n c l i -  
nation due t o  prof i le  curvature i s  not l imited t o  small angles. 

Inviscid Pressure Terms 

The portion pa of the lnviscid pressure i s  postulated t o  

It w i l l  be obtained from modified depend on the surface inclination. 
Newtonian impact theory for compression as expressed by 

For expansion (negative a)  incl inat ions,  the values of pa w i l l  be 
obtained from Prandtl-Meyer expansion theory s t a r t i ng  with the loca l  Mach 
number a t  a. = 0. 

The blast-wave theory has been u t i l i zed  t o  express the contribution 
t o  the surface pressures which a r i se  because of shock-wave shape. Thus, 
the assumption i s  made here tha t  

21 3 
- -  pP - B c I  = BCy [( cD ] l&2 
pm x+A) /d 

The constant i n  the blast-wave term wi l l  be taken as 0.112 f o r  air  
and 0.169 f o r  helium. The factor  B will be considered as an empirical 
constant and w i l l  be discussed l a t e r  i n  more de ta i l .  This equation has 
been applied previously ( re fs .  2, 3, and 4) t o  positions a f t  of a blunt 
leading edge where the energy of the transverse flow f i e l d  was constant 
and represented by the pressure drag of the leading edge. In the region 
of prof i le  curvature, such as the nose portion of the blunt p la te  of 
sketch (a ) ,  the energy of the transverse flow f i e l d  changes because the 
pressure drag changes with x distance. This variation of energy with 

Cy 
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x distance should be introduced in to  the basic equations of the b las t -  
wave theory and the solution obtained f o r  t h i s  new condition.2 
f o r  simplicity t h i s  variation i n  drag wi l l  be included here by considering 
the drag coefficient,  CD, i n  equation (6) as a variable with distance. 
The following equation can be used t o  calculate the variable drag 
coefficient.  

However, 

x 

Viscous Displacement Terms 

Local flow properties a t  the boundary-layer edge w i l l  be used t o  
The factor  (Abm%) i s  the calculate the viscous parameter (KgAbWRm). 

famil iar  hypersonic interact ion parameter as calculated from free-stream 
conditions. 
the interact ion parameter from free-strean t o  local conditions. 
a t tent ion i s  focused on K8. The local Mach number, the loca l  Reynolds 
number, and the constant bg depend on values of the t o t a l  pressure, 
t o t a l  temperature, and s t a t i c  pressure a t  the boundary-layer edge. The 
loca l  t o t a l  pressure must be assessed from the meager knowledge available. 
For t h i s  investigation the loca l  t o t a l  pressure w i i i  'oe ass-omzd t o  be 
reduced t o  tha t  value at ta ined a f t  of the normal portion of the bow shock 
wave ( r e f .  4) .  The loca l  s t a t i c  pressure w i l l  be assumed t o  be, t o  f i r s t  
approximation, the inviscid pressure calculable by equation (3)  i n  combi- 
nation with equations ( 5 )  and (6 ) .  The t o t a l  temperature wi l l  be assumed 
constant and equal t o  the stagnation temperature of the f ree  stream. The 
fac tor  A w i l l  be assumed, as i n  references 2 and 4, t o  be l/&. 

The fac tor  Kg, as may be noted i n  equation (l), converts 
Thus, 

Two t e s t  bodies were constructed with unswept leading edges of 
e l l i p t i c  prof i le  (see f ig .  1). The major t o  minor axis ra t ios  were 3 t o  
1 and 4 t o  1. The width of the model was suff ic ient  t o  span the t e s t  

2The ef fec t  of a variation of energy i n  the blast-wave theory was 
analyzed by Rogers i n  reference 8 f o r  one par t icular  form of energy dis- 
t r ibut ion.  H i s  analysis indicated that the pressure dependence on the 
variation i n  energy i s  somewhat more complex than the simple method used 
here. Refinements such as those obtained i n  reference 8 may be ju s t i f i ed  
when other aspects of the over-all  flow f i e l d  are b e t t e r  known. 
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stream. The e l l i p t i c  leading-edge sections were followed by a f l a t ,  or 
slab-type, afterbody of 4 inches i n  length. 

Pressure o r i f i ce s  were in s t a l l ed  i n  the curved surface of the e l l i p t i c  
leading edge and i n  the f l a t  surface of the afterbody (see f ig .  1). 
pressures a t  these o r i f i ce s  were indicated on a multiple-tube manometer 
by the same technique as explained more f u l l y  i n  reference 2. 

The 

Surface pressures were measured fo r  = +loo, Oo, and -10'. The 
t e s t s  were performed i n  the 8-inch low-density wind tunnel ( r e f .  4) a t  
a Mach number of 5.7, s t a t i c  pressure of 250 microns of mercury and free- 
stream Reynolds number of approximately 19,000 per inch. 

RESULTS AND DISCUSSION 

Present Test Results 

The data obtained f o r  the two t e s t  bodies having e l l i p t i c  leading- 
edge prof i les  a re  presented i n  f igure 2 f o r  A = 3 and f igure 3 f o r  
A = 4. 
plot ted versus chordwise distance from the stagnation point i n  r a t i o  t o  
the plate  thickness. Data are shown f o r  Z = +loo, Oo, and -10'. The 
pressures a re  noted t o  decrease with increase i n  distance and, a t  a given 
x/d, t o  be increased by compression angle of attack and decreased by 
expansion angle of attack. The value of the loca l  surface incl inat ion i s  
recordedon the f igures  f o r  the most forward o r i f i c e  location f o r  each set 
of data. The data f o r  points a f t  of the shoulder location were measured 
on the f l a t  portion of the model. 

The surface pressure i n  r a t i o  t o  the free-stream pressure i s  

Equation (4) , as described i n  the previous section, was used t o  
calculate the s o l i d  l i nes  i n  f igures  2 and 3. The values of pressure 
calculated by t h i s  method are  noted i n  figures 2 and 3 t o  compare favor- 
ably with the experimental values obtained for & = +loo, Oo, and -10' 
and f o r  A of 3 and 4. 

The surface pressure distribution has been measured a t  & = 3.95 
up t o  the stagnation point f o r  a transverse cylinder (A = 1) alone and 
f o r  a c i rcu lar ly  blunted slab (ref. 2).  Both of the t e s t s  were conducted 
a t  Re,d o f  6,600. The measured pressures f o r  these two t e s t s  are p lo t ted  
i n  f igure 4. The measured pressures f o r  the cylinder match the values 
obtained a t  corresponding locations, a = 60° and a = 30°, on the  p la te  
leading edge. 
modified Newtonian theory, equation ( 5 ) ,  and the s o l i d  curve from equa- 
t i o n  ( 4 )  (with B = (1/2)""). Note t h a t  good agreement of theory and 
experiment was obtained for the en t i r e  body from 
the cylinder t o  
was obtained with a value of 

The dashed curves plot ted i n  f igure 4 were calculated from 

a = TO0 (x/d = 0.017) on 
Note a l so  t h a t  t h i s  r e s u l t  x/d = 2 on the f l a t  afterbody. 

B = (1/2)2'3 i n  contrast  t o  the  value of 

, 
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B = 1 found to  be successful f o r  the plates with e l l i p t i c a l  leading 
edges (A = 3 and A = 4) .  The use of different  values of B w i l l  be 
discussed i n  more d e t a i l  l a t e r .  - 

Results of Similar Tests 

Tamaki and K i m ,  reference 6, obtained surface pressures on a p la te  
with an e l l i p t i c  leading edge a t  Mach number 6.4 i n  a shock-driven wind 
tunnel a t  the University of Tokyo. 
shape represents a blunt leading-edge plate with a re la t ive ly  long section 
of curved prof i le  surface a f t  of the leading edge. The plate  was unswept 
and a t  zero angle of attack. The surface pressures reported were deduced 
from interferograms of the flow around the body. Values of experimental 
pressures (from f ig .  5 i n  ref .  6) are reproduced here i n  figure 5 as 

x/d = 0.1, the data compare favorably t o  the values calculated from the 
Newtonian theory. 
by the present method. 

The e l l i p t i c  axis r a t i o  was 8. This 

4. c i rc led  data points. For locations between the stagnation point and 

For locations a f t  of x/d = 0.5, the data are  predicted 

Bogdonoff and Vas reported i n  reference 5 resu l t s  of surface pressure 
measurements on a plate  blunted by an e l l i p t i c  leading edge of axis r a t i o  
A = 3. The t e s t s  were conducted i n  helium a t  a Mach number of  13.3 and 
leading-edge Reynolds number of 37,300. One s e t  of data from reference 5 
i s  plot ted here i n  figure 6. 
calculated from eyuat5.m (4) are also presented i n  figure 6 as the so l id  
l ine .  The comparison of experiment with theory i s  noted t o  be as good as 
tha t  obtained fo r  the present t e s t s .  

Values of pressure fo r  these conditions 

Another comparison can be made for A = 1 by piecing together the 
resu l t s  obtained a t  M = 6.9 by Penland ( r e f .  1) fo r  a c i rcu lar  cylinder 
transverse t o  the stream, and by Bertram and Henderson ( re f .  3) fo r  a 
c i rcu lar ly  blunted f l a t  plate .  The Reynolds number based on the diameter 
of the simple circular  cylinder was s l igh t ly  lower than the Reynolds number 
based on the diameter of the c i rcu lar  leading edge of the plate .  However, 
both are  suf f ic ien t ly  high so tha t  viscous e f fec ts  a re  small i n  comparison 
t o  the inviscid effects .  Therefore, these two se t s  of data may be combined, 
as p lo t ted  i n  figure 7, and considered as representative of a complete 
chordwise pressure dis t r ibut ion fo r  a circular ly  blunted slab. The 
Newtonian theory may be again noted from figure 7 t o  be useful f o r  large 
values of inclination, t ha t  i s ,  close to  the stagnation point. However, 
equation (4) with B = (1/2)2’3 predicts the pressure dis t r ibut ion over 
the c i rcu lar  cylinder and the afterbody with reasonable accuracy. This 
agreement i s  similar t o  tha t  found i n  figure 4 f o r  the data f o r  
and A = 1. 

M, = 3.95 
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Evaluation of B 

Two values of the empirical constant B have been used herein t o  
obtain agreement between the calculated and the measured pressures. 
However, discussion of B i s  best  preceded by evaluation of the re la t ive  
contribution of the blast-wave pressure term t o  the surface pressure. 
The relat ive importance of the terms of equation (4)  varies with the t e s t  
conditions. To indicate the differences f o r  the se t s  of data assessed, 
two sets w i l l  be scrutinized here. 
been plotted separately i n  figure 8 f o r  the 
conditions (see f ig .  4) and i n  figure 9 f o r  the M, = 5.7, A = 3 ,  a = 0 
(see f ig .  2) t e s t  condition. For both t e s t  conditions the viscous term 
contributes l e s s  than about 10 percent t o  the surface pressure. The 
Newtonian pressure increment, equation ( 5 ) ,  and the blast-wave pressure 
increment, equation' ( 6 ) ,  are noted t o  vary somewhat i n  t h e i r  re la t ive  
contribution t o  the surface pressures. The Newtonian pressure increment - 
predominates where 
edge region, f igure 8. 
wave increment i s  of major importance. Aft of the shoulder region the 
contributions of the blast-wave increment f a l l  below the Newtonian incre- 
ment. The calculated values f o r  the e l l i p t i c a l  leading-edge p la te  are  
plotted i n  f igure 9. 
t o  a = Oo. 
x/d = 5 .  
edge plate are  similar t o  those shown i n  f igure 8 f o r  the shoulder region 
of a circular leading-edge plate .  The contribution of the blast-wave 
increment i n  t h i s  region i s  large and noted t o  be different  i n  magnitude 
f o r  the two bodies. 
investigation of  the variation of B 
ma lo  gy . 

The various terms of equation (4)  have 
M, = 3.95, A = 1 t e s t  

a i s  greater than about 30' f o r  the c i rcu lar  leading- 
In the region of the shoulder ( a  =: 0) the b l a s t -  

The values of surface incl inat ions are from a = 24' 
The calculations are  extended back on the afterbody t o  

The values of pressure increments f o r  the e l l i p t i c a l  leading- 

These comparisons emphasize the need f o r  a systematic 
as obtained from the blast-wave 

The increment p /pa of the inv isc id  pressure r a t i o  was obtained P 
from the analogy of the blast-wave theory t o  the hypersonic inviscid flow 
f i e l d .  This development or analogy i s  b r i e f l y  discussed i n  the appendix, 
wherein the constant B 
t o  be 1.07 f o r  a i r  and 1.14 f o r  helium. These values of B a re  quali- 
t a t ive ly  substantiated by the experimental resu l t s  f o r  the e l l i p t i c a l  
leading-edge plates .  The blast-wave analogy does not provide f o r  the 
value of 

of equation (6) was calculated from equation (A12) 

B = (1/2)2'3 which w a s  used f o r  the c i rcu lar  leading-edge plates .  

Further assessment of the blast-wave analogy can be made by comparison 
of predicted shock-wave shapes t o  measured shock shapes. The shape of the 
shock wave i s  given by equation (A12) f o r  a planar body as 
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where K, i s  0.78 f o r  a i r  and 0.98 f o r  helium. Measured shock-wave 
coordinates are available for  only three se t s  of the data discussed i n  
the pressure dis t r ibut ion section. 
i n  reference 2 fo r  the circular ly  blunted f l a t  plates  a t  a Mach number of 
3.95 i n  air .  
plates  were obtained from interferograms published i n  reference 5 fo r  a 
Mach number of 13.3 i n  helium, and i n  reference 6 f o r  a Mach number of 
6.4 i n  a i r .  These three se t s  of data are plot ted i n  figure 10, and the 
values calculated by equation (8) are presented as so l id  l ines .  
equation (8) the values of 
calculation were used. The fac tor  K, was found t o  be about 1.2 fo r  the 
e l l i p t i c a l  leading-edge plates  f o r  both a i r  and helium, and about 1.5 f o r  
the c i rcu lar  leading-edge p la te  i n  a i r .  The values of K, obtained from 
the blast-wave analogy are  not i n  agreement with the experimental values. 

Shock-wave coordinates were reported 

Coordinates of the shock wave over e l l i p t i c a l  leading-e&ge 

In 
CD corresponding t o  the surface pressure 

r COMPARISON TO OTHER METHODS 

In the introduction, mention was made of various methods of calcu- 
l a t ion  f o r  surface pressures. These methods were used t o  compute surface 
pressures for  one of the present t e s t  conditions, namely, A = 3, M, = 5.7, 
E = 0 ( f ig .  2) .  
i n  figure 11. 
equation ( 5 ) ,  are  noted t o  be lower than the measured values. Pressures 
were also calculated with a combination of Newtonian theory t o  the sonic 
point (a = 46', x/d = Z.06) fs11sved by Prandtl.-Meyer expansion (without 
attempt t o  match pressure gradients), and these values are  noted t o  be 
appreciably lower than the data. 
wedge (oblique shock-wave) theory based on loca l  surface incl inat ion i s  
noted i n  figure 11 t o  be lower than the measured values. (The angle of 
surface incl inat ion a t  
l i nea r  method of reference 4 was also used t o  calculate pressures f o r  
these conditions. 
lower than the data points on the afterbody and t o  match the data a t  
values of x/d l e s s  than about 0.8. This l i nea r  method i s  not seriously 
i n  e r ror  f o r  t h i s  s e t  of data. However, the method i s  limited, as pre- 
viously mentioned, because the inviscid wedge theory i s  used fo r  reference 
conditions a t  angle of attack. The present method which i s ,  i n  part ,  
based on loca l  conditions a t  the boundary-layer edge i s  noted t o  predict  
the measured pressures over the range of 
accuracy than any of the other methods discussed. 

The values calculated are compared with measured pressures 
Pressures calculated by the modified Newtonian theory, 

The application of inviscid sharp- 

x/d = 0.3 i s  about 24' f o r  t h i s  e l l i p se . )  The 

The corresponding curve i s  noted on figure 11 t o  be 

x/d of figure 11 with be t t e r  



12 

CONCLUDING REMARKS 

A study was made of the e f f ec t  of prof i le  curvature on the hypersonic 
flow f i e l d  over blunt plates .  A method of calculating surface pressures 
w a s  developed u t i l i z ing  a combination of viscous and inviscid hypersonic 
parameters. 
edge of blunted plates  a t  a Mach number of 5.7 and free-stream Reynolds 
number per inch of 19,000. 

Surface pressures were measured over the e l l i p t i c  leading 

The method developed herein w a s  found t o  predict  t o  engineering 
accuracy, the measured surface pressures obtained here and i n  other similar 
investigations. The appl icabi l i ty  of the method was found t o  extend over 
a range of Mach number from 4 t o  13.3, prof i les  of e l l i p t i c  axis r a t i o  of 
1 t o  8, Reynolds number of leading edges from 6,600 t o  129,000, and i n  air 
and helium t e s t  gas. 
angles from about 35' t o  0' f o r  e l l i p t i c  prof i les ,  and from TO0 t o  Oo f o r  
c i rcular  prof i les .  
t o  require accurate assessment of the e f f ec t  of the detached bow shock 
wave. .. 

The surface incl inat ions extended over a range of 

Application of t h i s  method, however, i s  shown herein 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  C a l i f . ,  May 21, 1959 
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APPENDIX A 

THE PLANE BLAST WAVE 

“ 

From the s imilar i ty  assumptions u t i l i zed  i n  the blast-wave theory 
( re fs .  8 and 9 )  the pressure i n  the flow behind the shock wave i s  assumed 
t o  be given by 

I n  the above equation a, i s  the sound speed i n  undisturbed a i r ,  
(dR/dt) i s  the shock-wave velocity, and i s  a function of location 
of a point between the blast source and the resul tant  shock wave and equal 
t o  about 0.45 on the body surface (ref.  8 ) .  The following relat ion was 
also obtained i n  the analysis of the b l a s t  wave f o r  a planar source, 

f ( r / R )  

where J i s  obtained from reference 8. For the plane wave and constant 
energy flow, the value of J i s  constant and equal t o  1.2 f o r  a i r  and 
approximately 0.6 f o r  helium. If the energy 
of the transverse flow f i e l d )  i s  assumed i n  the analogy of the plane b l a s t  
wave t o  the hypersonic flow over a planar body t o  be given by the pressure 
drag of the leading edge, then 

Eo (contained i n  uni t  width 

From equations (A3)  and (A2) the following i s  obtained 
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The velocity of the shock wave i s  obtained from equation (Ab) as 

Thus the pressure i n  the flow f i e l d  behind the shock wave i s  

I f  equation (A4) i s  integrated, the following relat ion i s  obtained 

In the analogy of the plane b l a s t  wave t o  the hypersonic flow over a blunt 
planar body the time t i s  ident i f ied  with the velocity u, of the body 
and the distance x as follows 

X+A t = -  urn 

Thus equation (A7) when combined with (A8) becomes 

I f  one divides 
the shock-wave 

both sides of equation (A9)  by 
shape wi l l  be given by 

d, and rearranges factors,  



. 
where 

The calculated value of K, 
helium. 

i s  obtained as 0.78 f o r  a i r  and 0.973 for  

If equations (A6)  and (AlO) are  combined, the pressure may be 
expressed as follows 

When equation (All) i s  compared to  equation (6) of the tex t ,  it i s  noted 
tha t  the following relationship exists between the constant B of the 
blast-wave pressure equation and the constant K, of the shock-wave 
shape e quation 

For conditions of constant energy flow with planar symmetry, the value 
of B 
helium. 

i s  calculated from equation (A12) t o  be 1.07 fo r  a i r  and 1.14 f o r  

. 
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Figure 1.- T e s t  body. 
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Figure 2.- Variation of surface pressure with chordwise distance f o r  a 
blunt pla te ;  & = 5.7, Remd = 9,720, h = 3, a i r .  
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Figure 3.- Variation of surface pressure with chordwise distance f o r  a 
blunt plate;  M, = 5.7, Rernd = 9,720, A = 4, a i r .  
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Figure 9.- Comparison of various terms of equation (4). 



c 

W 

0 
rl 

. 

. 



40 

20 

IO 

4 

2 

I 
. I  .2 .4 .6 .8 I 

X - 
d 

2 4 

Figure 11.- Comparison of various methods of calculation to measurements 
for M, = 5.7, Re,d = 9,720, = 0' , A = 3. 
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